Abstract-In this paper, we report the establishment of a new radar measuring facility in Brazil. This facility has a radar operating in the X-, C-and S-bands. To the best of our knowledge, this facility is the first of its kind in Brazil and Latin America. Some of the first RCS measurements carried out in this facility are presented.
INTRODUCTION
The modernization of the Brazilian aeronautical industry requires that a better knowledge of the reflecting properties of aircraft and other flying objects be acquired. In order to understand and predict the response to radar waves of several types of objects, and fill a void in this area of the Brazilian technology, a medium range facility for the measurement of the radar cross section (RCS) has begun operating in Brazil. The main task of this facility is to measure the RCS of small-and medium-sized objects and to characterize radar absorbing materials. This facility is located in the Aeronautics and Space Institute (IAE/CTA) in the city of São José dos Campos, Brazil. Figure 1 shows a satellite image of the facility. 
THE EXPERIMENTAL SET-UP
This is an open-air range, where the distance between antennas and target is 230 m. Objects whose RCS will be measured are placed on a rotating table (in azimuth) on the top of a pylon. The pylon used is a four-column square-based structure made of reinforced concrete, Figure 2 (a). The height of the pylon is 7.95 m, the inner distance between columns is 1.0 m and its total width is 1.4 m. Atop the pylon there is a structure built from welded steel I-beans which houses a turntable assembly; the pylon and the turntable were designed to hold targets up to 2000 kg. In order to minimize its RCS, the surface of pylon will be covered by radar absorbing materials during measurements. This design, albeit not ideal, is a compromise between costs and design. A study of the RCS of the pylon was performed so that it could be oriented in order to minimize its radar reflection [1] .
The radar antennas are placed on a metal structure and their and height and orientation are fully adjustable. In Figure 2 (b) are shown a pair of parabolic antennas with a diameter of 1.5 m. The height of the antennas is at the same level as the top of the pylon. The radar can operate in the S-, C-and X-bands (2-12 GHz). In the far-field condition, r ≥ 2D 2 /λ, where r is the distance between target and antenna, D is the largest dimension of the target and λ is the wavelength of the radar [2] , this setup can measure the RCS of objects with dimensions from 1.8 m, at 18 GHz, to 4.2 m at 2 GHz. Figure 3 shows a block diagram of the instrument set-up used for RCS measurements. The transmitting branch of the circuit is composed of synthesized microwave generator (Agilent, model E8257D) operating from 250 kHz to 40 GHz and power of 15.85 mW (12 dBm) coupled to a 20 W power amplifier operating from 0.8 GHz to 20 GHz (Amplifier Research, model 20ST1G18). An isolator protects the microwave generator against return signals. The microwave generator allows the modulation of the width of the pulse from 10 ns to 42 s. The amplified signal from the generator is then coupled to the transmitting antenna.
The energy scattered back from the target is collected by the receiving antenna; this signal is transmitted to a low-noise amplifier. The output of the amplifier is sent to a spectrum analyzer (Anritsu, model MS6226C), operating from 9 kHz to 40 GHz, that displays or stores the RCS signature of the target. A DC blocker protects the spectrum analyzer against spurious signals. Low-loss flexible coax cables (Huber-Suhner, model SF10426.5) are used in the set-up.
The facility has now become fully operational. In the next section are shown some of the first RCS measurements carried out in this facility. 
RCS MEASUREMENTS
As examples of the type of measurements that will be carried in this facility we present the RCS measurements of objects with simple and complex geometries.
First, the RCS of conducting objects with simple geometries such as a flat square panel (1 m × 1 m) and a right dihedral (0.5 m × 0.5 m). In Figure 4 are shown screenshots of the spectrum analyzer display of the RCS signature obtained for these two targets at 10 GHz and using different powers.
Comparison of the results shown in Figure 4 with those found in the literature [2, 3] show the overall good agreement in the recorded RCS pattern, which attests the quality of measurements obtained with the set-up. One can observe that the patterns are symmetric, and the RCS lobes are very well defined.
As an example of an actual target, the RCS of a decommissioned air-to-air missile is shown next. In Figure 5 , one can see the missile being mounted on the pylon.
This missile has a conducting surface (aeronautical aluminum); a drawing of it is shown in Figure 6 . The RCS diagram of this missile obtained as a function of the aspect angle is shown in Figure 7 . For the measurements, the angle between by the fins and the horizontal plane was 45 • .
The RCS plot shows, as expected, that the lateral view (90 • and 270 • ) of the missile is the most reflective as a result of its larger reflecting area. Overall, the RCS plot has good symmetry; small deviation can be attributed to irregularities on the surface of the missile or minor misalignment of the missile with respect to the radar antennas. These results are in good agreement with the literature [4] . 
CONCLUSION
The radar range facility will be used in the study of the RCS of small-and medium-sized objects as well as in the characterization of radar absorbing materials. It is fully operational and it is expected that it will contribute in the development of new materials and methods. This is the first facility of its kind in Brazil and it will help fill a void in the research related to scattering of radar waves and new materials for aeronautical and electronic industries.
